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Introduction
Dynamic stability is a characteristic of postural control that requires the ability to regulate the vertical projection of the body's center of gravity around its base of support 1 . Dynamic stability is ubiquitous to the fulfillment of daily living tasks, and is made possible by efferent sensorimotor system postural responses to constraints impinging on the system 2 . Despite the large number of possible postural responses at the disposal of the sensorimotor system, a number of preferred strategies emerge in the execution of specific tasks. Changing the parameters of the task challenges the human sensorimotor system to utilize previously redundant movement strategies under the influence of higher brain centers and altered peripheral inputs. For example, in circumstances where sensory modalities (such as vision) are restricted secondary to the requirements of a task, sufficient compensatory information can be provided by the remaining modalities (vestibular and somatosensory) in the maintenance of dynamic stability [3] [4] [5] . However, the desired outcome is not always possible, and the task outcome may be characterized by failure (loss of dynamic stability).
Research examining the potential differences between successful and failed tasks of dynamic stability is lacking, as failed trials are usually discarded during research investigations to minimize variation and allow better explanations of data sets 6 . However, it is likely that data from a failed task (e.g., eyes
closed single limb stance) possesses the unique movement strategy inadequacies contingent with specific types of constraints impinging on the sensorimotor system, thus providing valuable information relating to the requirements of task completion. Injury can be seen as one type of morphological constraint that interacts with others to limit the attempt of a biological system to organize optimally, becoming evident in bilateral deficits in single-limb balance 7, 8 .
Single limb balance is often characterized with measures based on the displacement of the center-of- Therefore, the aim of the current investigation was to evaluate the COP characteristics of failed, eyes closed, single limb stance trials in patients with an acute injury using the FD method. Acquired successful and failed single limb stance data were analyzed in a group of patients with acute ankle sprain, and a group of control subjects.
Methods
Eighty young adults were recruited from a University-affiliated hospital Emergency Department 2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 4 Self-reported function, patient reported symptoms and functional ability as measures of ankle sprain severity were assessed using the activities of daily living and sports subscales of the Foot and Ankle Ability Measure (FAAMadl and FAAMsport) 12 . All participants completed the subscales of the FAAM on arrival to the testing location.
All experimental procedures were completed in the University biomechanics laboratory. Kinetic data were sampled at 100 Hz using 2 fully integrated AMTI (Watertown, MA, USA) walkway embedded force-plates. The kinetic data time series were passed through a fourth-order zero phase Butterworth low-pass digital filter with a 5-Hz cut-off frequency . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 6 subscales were determined for both injured groups based on previous research (MCD for FAAMadl = +/-5.70%; MCD for the FAAMsport = +/-12.30%) 14 .
There was a statistically significant difference at the level of p < 0.05 in fractal dimension scores for the three groups: F (2, 70) = 11.61, p < 0.05 (Table 2 ). The effect size calculated using eta squared was 0.33, thus indicating a large effect size. Results from post-hoc comparisons using the Tukey HSD test are presented in table 2.
Discussion
The results of the current investigation indicate that successful eyes-closed SLS is characterized by larger FD of the COP path trajectory when compared to failed eyes-closed SLS trials in participants with acute ankle sprain. In addition, the decrease in successful trial COP path trajectory FD on the non-injured limb of ankle sprain participants when compared to that of control participants is in agreement with previous research that acute ankle sprain can cause bilateral deficits in postural control 15 . The calculated effect size for the one-way between groups ANOVA was large, suggesting that the success or failure of the task was dependent on the FD of the COP trajectory, and that injury causes a decrease in FD on the non-injured limb. Furthermore, with regard to the significant findings between groups on the post-hoc tests, the 95% confidence intervals did not cross zero, thus affirming the aforementioned point. Questionnaire results showed clinically meaningful deficits in self-reported functional outcome for the injured groups 14 , as measured using the FAAM in both ankle injury subgroups, and that there were no differences in perceived functional outcome between the two injured groups.
An essential part of any biomechanical analysis is the characterization of the complex patterns produced in the biological realm 13 , such as COP in quiet stance. A large body of research into balance as assessed using measures of COP has evolved 9, 16 . Although traditional measures of COP such as peak sway velocity and total excursion area are used extensively, their reliability is questionable based conceptually on the premise that the task position is maintained successfully, and is therefore inappropriate for use in the current investigation. TTB and the traditional measures of COP aim to assess the role of afferent information relayed from each of the three (visual, vestibular and somatosensory) sensory systems in providing the neurobiological system with the necessary information for balance maintenance, and to determine how redundancies between these systems can assist when one fails 16, 20, 24 . Despite this, no current research is available which evaluates the COP variables associated with these failures, when the participants are actually unable to complete the prescribed task.
Evaluating a fall with measures of COP presents computational and conceptual difficulties. The reduction in dimensionality that occurs with all repetitive coordinated movement 25 allowing for representative kinematic analyses is violated in instances of task failure, where unique compensatory reactions must emerge specific to this violation to prevent falling; the uniqueness of any given balance failure will produce COP path trajectories that are inconsistent and highly variable. Therefore, the COP path trajectory of a failed SLS trial is difficult to characterize; traditional COP measures stand to mask the unique qualities of a fail using procedures of aggregation and averaging, and the assumptions of new measures such as TTB are violated in assessing a task that is failed.
FD is a measure that has been shown to be reliable and provides an indication of the complexity of a signal by analyzing the signal in its entirety and describing its shape 13, 17 . We chose to determine the FD of successful and failed SLS trials of twenty seconds and three seconds duration respectively.
Characterizing the complexity of the COP path is better achieved with trials of longer duration, and as
such, we chose to analyze the full duration of successful trials as it enabled superior characterization of the COP path FD. We are confident however that the interval of three seconds for characterizing failed trials was adequate as it allowed us to include a larger sample of failed trials (we rarely encountered intervals of maintained eyes-closed SLS greater than three seconds in length for this groups' analysis). Furthermore, FD is a relative measure of COP displacement, whereby the COP path is evaluated in reference to itself, which justifies the comparison of trials of different length.
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enough to encourage the exploration of the available base of support with a coinciding large FD, they must not be too difficult as to result in consistent failure, thus resulting in COP path trajectories of low FD. A task that surpasses the capabilities of the injured individual may not be beneficial, as there is no exploration of the available neuromotor landscape in instances of repeated failure, as evidenced by the reduced FD during failed tasks.
The primary limitation of this study includes the lack of more grouping variables; specifically, it would have been beneficial to be able to compare successful trials of eyes-closed SLS on an injured limb to those of the uninjured limb. However, the severity of the injuries prevented the acquisition of a sufficient number of successful SLS trials on injured limbs for analysis. Furthermore, prospectively following the acute ankle sprain group using the same measures at numerous time-points following injury would have allowed the determination of whether FD values return to normal with recovery.
Future research must establish how COP trajectories re-stabilize following injury with/without rehabilitation, and whether certain patterns are associated with the onset of chronicity.
Conclusion
In this study we investigated the COP path trajectory characteristics of failed trials of eyes-closed SLS using the FD approach in a group of individuals with ankle sprain, by comparing them to successful trials on their non-injured limb, and those of control participants.
Our data demonstrated that a failed trial was associated with a lower FD, which may have been a corollary to injury, as evidenced by a decrease in FD during successful trials on the non-injured limb compared to control participants. The FD method appears to provide a suitable means to characterize stance task failures, and provides an informative description of COP path trajectories between independent groups.
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